Atrial natriuretic peptide (ANP) is an important component of the natriuretic peptide system. A great role in many regulatory systems is played by mast cells. Meanwhile involvement of these cells in ANP activity is poorly studied. In this work, we have shown the presence of ANP in rat peritoneal mast cells. Pure fraction of mast cells was obtained by separation of rat peritoneal cells on a Percoll density gradient. By Western blotting, two ANP-immunoreactive proteins of molecular masses of 2.5 kDa and 16.9 kDa were detected in lysates from these mast cells. Electron microscope immunogold labeling has revealed the presence of ANP-immunoreactive material in storage, secreting and released granules of mast cells. Our findings indicate the rat peritoneal mast cells to contain both ANP prohormone and ANP. These both peptides are located in mast cell secretory granules and released by mechanism of degranulation. It is discussed that many mast cell functions might be due to production of natriuretic peptides by these cells.
INTRODUCTION
Atrial natriuretic peptide (ANP) is a hormone with diuretic, natriuretic, and vasodilating properties. This peptide is mainly produced by atrial cardiomyocytes [1] . The ANP secretion by cardiomyocytes is indicated by the presence of specific secretory vesicles, the so-called atrial granules in these cells. The content of the atrial granules is released under effect of overload, oxygen deficiency, and many other physiological and pathological processes in myocardium. ANP is also produced by ovine fibroblasts infiltrating the myocardial infarct [2] , by cells of rat [3] and bovine [4] heart conductive system, neurons of the rat brain [5] , cells of the rat thymus [6] , cells of the bovine cornea [7] , rat vascular smooth muscle cells [8] , and murine macrophages [9] .
In the heart, apart from cardiomyocytes, the ANP-immunoreactive material was also found in mast cells [10] . It is not known whether ANP is also located in mast cells of some other places apart from myocardium. As a model, we have chosen mast cells of rat peritoneal cavity. They are characterized by the presence in a suspension, which allows obtaining their pure population for biochemical analysis by a gradient density fractionation. Mast cells are multifunctional cells that under effect of immune, nervous, humoral, or physicochemical stimuli are able to selectively release biogenic amines, acid glucoseamineglycans, neutral proteases, growth factors, a number of cytokines, arachidonic acid metabolites, and other bioactive substances (for review, see [11] ). Secretion of mediators from mast cells may occur by the regular exocytosis of secretory granules, i.e. degranulation, or by differential release without degranulation [12] . During degranulation, storage granules are transformed into secreting granules; the initial ultrastructural sign of this transformation is the granule matrix disorganization [13] . A high sensitivity to a broad spectrum of stimuli and the remarkable variety of generated and secreted mediators allow mast cells, alongside with the nervous, endocrine, and immune system cells, to act as an important regulator at the tissue and organism levels. This work has shown mast cells of the rat peritoneal cavity to be ANP-producing cells and, hence participants of the natriuretic peptide system.
MATERIALS AND METHODS

Isolation of mast cells
Pure fraction of mast cells was isolated from suspension of rat ANP in mast cells peritoneal cells by cell separation on a Percoll density gradient as described in the detailed protocol [14] . Six adult Wistar rats weighing 250-300 g were used. After ether anesthesia and decapitation, 10 ml PBS were injected into the animal peritoneal cavity; on a gentle massage of abdomen, the peritoneal cavity was opened and a cell washout was collected with a Pasteur pipette. The washout pooled from 6 rats were centrifuged at 120×g for 10 min, the pellet resuspended in 0.5 ml PBS, and the resulted cell suspension layered on the 88% Percoll gradient. The Percoll gradient was obtained by addition of 0.7 ml of 10-fold concentrated RPMI (Gibco BRL) to 200 mM Hepes/1M NaOH, pH 7.0, and centrifugation at 17,000×g for 20 min. The preformed Percoll gradient with cell suspension layered on the top was centrifuged at 450×g for 15 min. Fraction of mast cells that now occupied the lower part of the tube was collected and washed twice in PBS. Samples of cell suspension for electron microscopy were taken before (sample 1) and after (sample 2) separation in Percoll. Isolated cells were studied by Western blot analysis and electron microscope immunocytochemistry.
Western blot analysis
Purified mast cells were lysed in the buffer solution of the following composition (mM): 10×Tris-HCl, pH 7.4, 150 NaCl, 0.5% Nonidet-P40, 0.2 aprotinin, 0.2 leupeptin, 1 Na-orthovanadate, 1 Na-fluoride, 0.2 phenyl methylsulfonyl fluoride, and 20% glycerol. Proteins of the lysates were separated by 20% SDS polyacrylamide gel electrophoresis [15] and transferred on a nitrocellulose membrane [16] . Detection of ANP-immunoreactive proteins was performed with primary polyclonal rabbit antibody to the rat synthetic C-terminal ANP (amino acids 99-126, Peninsula Lab. Inc., Bachem) diluted 1:1000, and horseradish peroxidase-conjugated goat secondary antibody to mouse IgG (Sigma). Proteins on immunoblots were revealed by the method of enhanced chemiluminescence. The commercial rat ANP (Sigma) served as control. Kit for molecular weights from 2.5 to 17 kDa (Sigma) was used for calibration.
Electron Microscope Immunocytochemistry
The following antibodies were used: the same primary antibody as for Western blotting, diluted 1:1000, and gold-conjugated (10 nm) Protein A (Sigma) diluted 1:20 as secondary antibody.
Cells were fixed with 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer, pH 7.4, for 1 h, postfixed with 1% OsO 4 , stained en bloc with uranyl acetate, dehydrated and embedded in Epon-Araldit according to the standard procedure. Ultrathin sections were cut with a diamante knife and mounted on nickel grids. The grids with sections were treated in H 2 O 2 and then incubated overnight at 4°C with primary antibody followed by incubation for 1 h at room temperature with the secondary antibody. The preparations were stained with uranyl acetate and lead citrate and examined under a JEM 7A electron microscope at 80 kV. Specificity of immunostaining was assessed with the following control: omission of the primary antiserum step and application of the secondary antibody alone. The control gave negative results, i.e., insignificant random deposits of gold particles on the sections. The share of mast cells in samples 1 and 2 was calculated by means of a light microscope on semithin sections stained with methylene blue. For each sample 300 cells were analyzed.
RESULTS
The whole cell suspension from rat peritoneal fluid (sample 1) contained about 5% of mast cells (Fig. 1) . Apart from mast cells, lymphocytes, eosinophils, neutrophils, and monocytes were also present. After fractionation in Percoll (sample 2) the amount of mast cells in the suspension reached 98% (Fig. 2) . In both samples, mast cells had similar ultrastructure, which indicates their good preservation during the isolation procedure. Mast cells had a roundish shape and measured 7-9 µm in diameter. The cell surface was covered with microvilli. The ovoid nucleus had a peripheral region of condensed chromatin. The cytoplasm was filled with numerous spherical membranebound granules, approximately 300-400 nm in diameter.
Most mast cells were filled with morphologically uniform granules, the so-called storage granules, with a homogeneous electron-dense material. Same of mast cells were in the state of spontaneous degranulation. These cells contained granules of two types: the storage granules and secreting granules with greatly reorganized matrices of decreased density (Fig. 3) . Near these cells, granules devoid of perigranular membrane exposed to extracellular compartment could be seen (Fig. 3) . Apart from the granules the mast cell cytoplasm contained a small amount of short canaliculi of rough endoplasmic reticulum and small mitochondria. Occasionally, centriole was observed near the nucleus.
Western blot analysis
Identification of ANP-immunoreactive proteins in peritoneal mast cell lysate (Fig. 4) shows the presence of two proteins recognized by antibody to C-terminal portion of ANP. These proteins had molecular masses of approximately 2.5 kDa and 16.9 kDa. The lower weight protein position corresponded to that of control rat ANP.
Electron Microscope Immunocytochemistry
Intracellular localization of ANP-immunoreactive material was demonstrated at the electron microscope level by immunogold labeling. Immunostaining was found to be restricted to the secretory granules of mast cells from both the 1st and the 2nd samples. Storage (Fig. 5 ) and secreting (Fig. 6 ) granules as well as granules lying free near mast cell surface (Fig. 7) were labeled. No immunogold particle localization over cytosol or any organelles of mast cells except the granules was revealed. In ultrathin sections of cells from the 1st sample, granules of eosinophils also were weakly immunoreactive (Fig. 8) . The central part of the eosinophil granules was occupied by crystalloid electron-dense structures. The label was located to the equal degree on all components of the granules. No reaction was observed in other cells. Control preparations (without treatment with primary antibody) showed negative result.
DISCUSSION
After fractionation in the Percoll gradient the cell suspension was composed by 98% of mast cells. The purity of this population is a guaranty that the ANP-immunoreactive material revealed by the Western blot method originates from mast cells. ANP is known to be formed from a high-molecular precursor, proatrial natriuretic peptide (proANP) composed of 126 amino acid residues. The Cterminal fragment of this molecule represents the mature ANP form (99-126) resulted from cleavage of the prohormone (for review, see [17] ). However, the uncleaved proANP also is released into blood and circulates together with the mature ANP [18] . The presence of proANP (1-126, 16.9 kDa), but not of the mature ANP (99-126, 2.5 kDa) was shown in the extracts of rat atrium tissues [3] . In the rat peritoneal mast cells, we have revealed the presence of two ANP-immunoreactive proteins. One of them had the same molecular mass as the mature ANP -2.5 kDa, whereas the second protein had molecular mass 16. 9 kDa that corresponds to the mass of the full length rat proANP. Thus, our data indicate the rat peritoneal mast cells to contain simultaneously both the mature ANP and its precursor.
The electron microscope immunocytochemistry has shown the ANP-immunoreactive material to be located in mast cell granules. The presence of labeled material in the storage, secreting and released granules indicates that secretion of ANP from mast cell occurs by the classical mechanism of degranulation.
The wide spread of mast cells in the body possibly accounts for detection of ANP in almost all vertebrate tissues [19] . Many biological functions of mast cells, such as immunoregulation potential [20] , antitumar effect [21] and others can be due to their generating ANP.
An important peculiarity of mast cells is their ability to produce transmitters that have opposite effects on the same process. For instance, mast cells produce both histamine that has proinflammatory effect and heparin that has antiinflammatory effect. Recently, the rat heart mast cells and HMC-1 cells (the human mast cell line) have been shown to contain renin -an activator of the renin-angiotensinaldosterone system [22] and natural antagonist of ANP [23, 24] . Contrary to the diuretic ANP, renin produces antidiuretic effect. An opinion is expressed that the cardiovascular homeostasis is maintained by a balance between the system of natriuretic peptide and the renin-angiotensinaldosterone system [25] . Thus, by secreting certain amounts of renin and/or ANP, mast cells can effectively regulate this balance.
Peritoneal mast cells play an important role in abdominal pathological processes. Thus, they perform protective function in pathogenesis of septic peritonitis [26] . Abdominal surgery has also been shown to produce mast cell degranulation and an increase of mast cell-derived factors in peritoneal fluid [27] . The presence of ANP revealed in peritoneal mast cells may, on the one hand, explain many known functions of these cells, and, on the other hand, anticipate some of their yet unexplored biological effects extending the functional range of mast cells. Rat peritoneal mast cells have been found to release histamine (proinflammatory factor) in response to the ANP action [28, 29] . It may be suggested that during intraperitoneal inflammation this process occurs in an autocrine fashion due to release of ANP from activated mast cells. Interestingly, ANP also reduces secretion of inflammatory mediators in macrophages, and, therefore, has anti-inflammatory potential [30] . These data indicate again the functional dualism of mast cells. Owing to its biological effects, the mast cell-derived ANP may be of a great importance for regulation of the physiological state of abdominal organs. For example, ANP has been reported to affect ovarian functions in mice [31] .
The presence of the ANP-immunoreactive material in eosinophil granules, which has been revealed in our work, might be due to production of this peptide by these eosinophils and/or to their absorption of ANP released by other cells, probably mast cells. The latter suggestion is confirmed by the data showing that eosinophils are able to take up the released products of mast cell granules [32] .
